;z{'e3es(p| (6T(HN),.. 14 NOV 2002 TEMPERATURE CONTROL METHOD AND APPARATUS
This invention relates to a tenperature control nethod and appar at us
applicable to 5 nmachi nes and has particular application to dies and to
nmoul di ng of articles using dies in processes such as injection noul ding,

t her nof or m ng, nmetal die casting and the like. The invention
w Il be descri bed mﬂm“lﬂmwwwt to an application but it is not ifntRoWRE 10
that the concept shou)gd, e constrained;sinply to that application. It Is

wel | known that a die can be kept within an acceptabl e tenperature range by
use of water passing through passages in the die to a separate heat

encure that HNREFATRE HANERALMERIER, Al IR PRSIV S ccess ™ o cool i ng

water. This can at times be very difficult indeed if) for instance, there

Is very littl B dto
and from a | g PRSI eARRS RPA 1dthGaiafing 0B R0IaRereR SPH dPaifius BRRRNIHE ]

t he worki ig paachines and Baspatictianappicatinndptdies @d@n@@uldmgtoéﬁﬁ@iegwmsilee no .
smal | matter |ﬁBFbc%§§eé§leNé’§|n¥é‘éﬂ§h Hﬂuﬁf% tﬁé}ﬁ{o‘ﬁodﬂhé %cﬂi_?fﬂ‘#&?fﬁﬁg’ﬁ'le‘?é]d?é‘d
conmi ssi oning Of a @I t he probl ems experienced is that- unless the
water is dem%@ﬁ"&ﬂ@% e\Mﬁ?ch is generally uneconom ¢ because of ._ 25 the
vol une of replacenent water needed, then scale build up will occur which

agai n can be S. to tr at and, c ead t reduced ol i ng
20211, 521 DO (o0Sbl o B oSN PR SRR £ e
caused by0t hdhat the goncept shoulldreatardtraomeidi simplyeo dnat a@ph@monher t he
.efficiency of cooling can be a very significant factor in the repetition
rate of use of a die. tf there were a nore efficient way of cooling the die
may be abl e tlbistwellknowrdhata die ean belseptiwithiman aceeptable demperaturgiangebnt as
far as costs b &wﬁp%a}%hq@m@p Biisstbes i o s 868arafdhéatidxBRinggeven—

cooling rates betmee ortions of a noulding die can cause
distortion ofSQ3@B- moul ded parts for which rectification or conpensation can
be costlys *@00002* 1 4 NO\/ 2002 2 It is an object of this invention to

B Peast “r et sthrehalSienstn i dden FBar B Wehsi Habhe YoRpaprepf e "
i nventi on t hidie bave beffisiantiaccess hscm@nngademﬁhlscbanfawme,sﬂm vary difiidulldndessgt to
be taken from fdlgndBHES tﬁé:%g%hgﬂtﬂé’r ) n fédé?@%és%gebrfom r{d¥5e moul d

i ncl udes at | éast one Cl I n V\/m ch extends to
cover at Ieaé[aI"@ﬁ@rtQﬂtCtﬂlf@@i@'@@‘%ﬂﬂﬁhlmu@ﬁ'eﬁe&? Umeg. to be taken, and a space
above thegliquid and wthin the closed chanber, wherein pressure is set at

a level whi Chsdghl elt cheﬂ%P\lgg of keeping the working parts of a die within an acceptable range

of temperatures is no small matter and can involve considerable costs in the

manufacturing and commissioning of a die. One of the problems experienced is

that unless the water is demineralised which is generally uneconomic because of —_
25 the volume of replacement water needed, then scale build up will occur which again

can be costly to treat and can lead to reduced efficiency in cooling over time.

A further problem is the corrosion in the cooling passages caused by their
exposure to aerated cooling water.

30
Further the efficiency of cooling can be a very significant factor in the repetition rate
of use of a die. If there were a more efficient way of cooling the die may be able to
be used at greater repetition rates which is significant as far as costs of production
using the die are concemed.

35

Further uneven cooling rates between different portions of a moulding die can
cause distortion of the moulded parts for which rectification or compensation can be

costly. [

*G00002*



10'the liquid to boil at a selected tenperature and condensing nmeans to
effect, by cooling, condensation of vapour of the liquid in the space. In
preference there are nore than one chanber and each chanber is shaped and
positioned together with the level of liquid therein so that the liquid
wi || access during 15 washing conditions areas in the machine from which
heat is to be taken. In preference the liquid is water. In pﬂe&ﬁﬂ%ﬂmb t he
nmould is a nmachine for noulding of plastics naterials. 20 In preference the
mould is a nould for injection nnuldi%b of plastics materials. In
preference the nmould is a nmould for noul ding by thernoformng of plastics
materials. 25 In preference the nould is a nould for the die casting of
metal s. | n altisianlesjechokthis ingentiar to wbpose an altwraativeoway o effeciterbpesatird t o
reside in a b VG ' ' I ~hOfad Ncl udes a
cl osed chamgh‘hﬂ@?ﬁéﬁ%"ﬁ‘gp@‘?‘a Sitqw b%‘mﬁ?ﬁéao?vo une sdtﬁ@h@{tq%éét it has an
upper | evel above one of the areas of the nmould to be cool ed and

Choer 1 evol |y O orkt? (g RRuentioh i 8ah L8 Sl 098 i 3 ndula B tyoB e ihgC
tﬁ?s can be Bﬁ?ﬁoﬁ?ﬁ taken @Qmitﬁeépmﬂ%}femf%ﬁe%t'mﬁj&.@f@%ﬁ%?&dn ﬁéﬁ%’ﬁ‘oﬂ\dﬁsti cs
mat;a_ri ia: S Paiqdlgiee_rat ieatsedlsm@b(ose@!chﬁmbér h@n@@rmmll trlmdnéiﬂ][m]{rii@t) @xtéhﬁt@fbdvbﬁaberf
alftl a | a | W 1. n e ve S | Cl en alreas o
Phe e wi t nigrs e bR A& Pm WhenTRatBRShe ke, ahifalsrelss Bbold e Bl
be ~ 4 NovandeZhh the cleseddhanbdnewhérgin preasude is settaha lsye evnidhnwitl keableanber
b thesl i Uy : a0t £ L Lo . furth
above N0l | 4 i RRRPAY iblcRbivgbl iR orlenk g chegh oy U her

i nj ecti on no@eelinggcemdgnsatien etvarausof thesliawd/intae spagat er nal cool i ng
arrangenment which is a closed chanber partially filled with a liquid with

I I fficient heigpt t hat ft . of th | d—
W LT the" o RBRBIEStes e are Boparies G AREREnd sa6h BaEDeT BaREST 808 cd
bybt Pe lt! Q:J: trboaitl?hedt ﬂr?géfhﬁrwilt&cme k{vﬁl bidiquithtiesin eb that tHikguid Willie?:ctess cit(:)ring
subst an J . I . n n_.ar 0
provi de lgol %’ﬁgﬂ'ﬁ CQH@'%@%%%PS&} Fﬁ’. 'ﬁa%m'ggt'g@c@"ﬁhﬁ?%@s gcﬂtg%%ggﬂabove t he
liquid level to effect at | east sonme condensation of the vapour thereby. In

preference t Rfdreéndd tHeq iEvAgdi tion, a heating means |ocated within
t he chanber vln\ﬂ)hi n ?ﬁ% ei i(?Ejlkldl suagﬂ that during a standby tine, the

tenperature of the 15 nould can be kept within a selected range of

tenperat uresjn bﬂéfé?éﬁé@!h@ﬂﬁ@ulﬂ@a@%ﬁiﬁwfoﬁﬁﬁﬁu&iirﬁq‘@ﬂplé@tic@rﬁaibﬁals.a core in the
t ube andaareans to direct cooling water through the tube. 20 In a further
f

preferre ormof this invention this can be said to reside in a nethod of
cool i ng of p#rpefatnee theuhduldlie aenduie forinjectiomeraoaldingerd plasticematermesd chanber
having liquid therein which extends to cover at |east one of the areas from
whi ch heat is to be taken, and a space above the liquid and within the

cl osed chanbém praference the meulst is ssmpsld for raukling bythesmatoraingeidilasiicswhi ch

t he terrperatwgﬁe,gl the boiling 25 point of the liquid will be to at |east—a
sel ect ed_ext ent eﬁ ow-the tenperature of the T area fromwhich heat is to
be taken2and there are condensi ng nmeans to effect, by cooling, condensation

of vapour of |4 prférefsd the molildbs aA6Eld for the die casting of metals.

In a further preferred form of this invention this can be said to reside in a mould
having an intemal cooling arrangement which includes a closed chamber having

30 therein a liquid with a volume such that it has an upper level above one of the areas
of the mould to be cooled and substantially only the vapour of the liquid within the
chamber above the upper level of the liquid.

In a further preferred form of this invention this can be said to reside in a mould for
35 injection moulding of plastics materials having an intemal cooling arrangement which

is a closed chamber pattially filled with a liquid with an upper level sufficient that

areas of the die within the chamber adjacent to parts of the die to be cooled will be



Ina further preferred formof this invention this can be said to reside in
a nethod of 30 cooling of parts of a nould where the nould has at | east one
cl osed chanber having liquid therein which extends to cover at |east one of
the areas fromwhich heat is to be taken, and a space above the |liquid and
wi thin the cl osed chanber in which the pressure is caused to b? a@ @bzevel
at which the tenperature of the boiling point of the liquid wi 114 [é

| east a sel ected extent below the tenpgrature of the 35 area from which
heat is to be taken this being by reason of, as a first step, filling of

t he cl osed C%EE ' L gui | fihGilqent
proportion of t gée[c?"{a%fh;t l\‘ﬁ’t‘*}%ﬁ#’ 'gltﬁ%%%éfgitﬁégﬁ%égf%:%eﬁ ﬁé hg@'{j tact ed
liquid, and Rubstangalit onlydlee wapeur of the iguigdv 2002 4 cooling tenperature,
l'iquid through condensing neans to effect, by such cooling, condensation of
vapour of the liquid in the space, .ln use then cqondensation qQf the vapour
may be effept'e@fﬁghwrmfeaﬁeﬂdo ﬁiﬁvs @vmﬁgeca@?qqﬁg iresidleiin aapeHe &t
nFIrrbe][ WIhShl ﬂ?j“éblﬁnl rfrpagﬁir@bﬁwsﬁb@rdamalshém@n i@tegbaf coali g‘@rraﬁnl_ getent Wpicﬁr

all of the wa efining the c r.in an area,above the liquid.surfa
ohi ch i s at 45 Peler trahhst petlY Bl Wi AlgBiGRT ST Uipdrlae pRE e
reasonabl y efdodbat omee efdbbaness offtha eeduld withintthe chamber adjécartiéo padsioftheo t hat
this then co i L Oy . W\ l; i; y of
the 11 au d_ 10N aEIDEo Ro e B3ayeral By Biiafid and, i e Sieel i LASRERFY
recei ve heat akavetheliquidasubstantially oalysbe vapeyraf fheiliquid,@nd areairamgamentdo y
adj acent 1i 0t olify 6f alf vaSir i i ddhkin B arsRberdiRAB METiggRt an
exchange of g‘%at‘e (%% t"ﬁ% hi u}l m@rlllsmé%%é% 0 vapour i ch by reI @gn of -

the 15 | at entle¥ide eHapiRlilegsisomareonagnsatonef hep@pouihiefeysbst ant i al -
carrier of heat. By reason of relative densities then, the vapour thus -

f d will rji h f f, Lqui d). i nui il h

oo e | e bhceAosit ACBade Hub & ArBIRAR 8ol Bublihe " "%

reverse exchagente withirt thediquitheuchdhatidugingfa stardbyi tne,dhe taraperatune af ther y

Vi gor ous BRNTIG6, AR5 WiffiYa SBHCRIEBAHE Stdriiserkphelr® Of vapour produced
np W une o rquid

is very high conpare e Vo el ng vapourised. This
rai ses the effective level of the liquid relative to a rest state, enabling

it to affect |arpaRrdtce!the cBBHMERAS imdlRIcaPRWE, 4 ESrelif He 1B¥GINd Mea¥ial We
have t hen |sec§|1 cl osed nber Wlttgalts selected liquid operating so that it

d cha
is at a tenp %ﬁ?ﬁ@ﬁd"%@é@% Wheed by its own vapour pressure and by

external inputs of heat. A nunber of variations can be incorporated within
t he genergal ne, . 30.1n first .netho he inte L . ch r.iS.fill.ed
enti fely i HEnhprReteres oam i I FviRfin i et sS4l R oo
previously t resslieg ofpars ot @ maidwheds theohoeld hgastieashdnecleeed chambet i es so
that in pref q{a‘?f@iql.ﬁci‘ﬁ'ﬁlr%iﬂq\%rﬂcr{ Sxtindd ﬁ%ﬂe%#l?&éﬂodefm‘tﬁé b3S el %}cﬁﬂy
ot herw se |nter1!, e W e process or the efrrciency in general or the
process. 35 (adistgibe @K@%@KF @épaﬁﬁéb%ﬁ‘?ﬁé'ﬂuldsaﬂ@i@'m@mggw ehaslghina
Tavel That, © o g e e D e R SLe oG
renber - opSe AN the Reievtep B lees! seelicieaeRat baidy tas faSeRlin el theund
that there wadrealfrom whichchdat isiorietakemahd tiereand comdensimgnneats fosefteat, yovi de
the heat to bceoo(ﬂ'na,sc':o?’n%teﬁgation of vapour of the liquid in the space.

In a further preferred form of this invention this can be said to reside in a method of

30 cooling of parts of a mould where the mould has at least one closed chamber
having liquid therein which extends to cover at least one of the areas from which
heat is to be taken, and a space above the liquid and within the closed chamber in
which the pressure is caused to be at a level at which the temperature of the boiling
point of the liquid will be at least a selected extent below the temperature of the

35 area from which heat is to be taken this being by reason of, as a first step, filling of
the closed chamber with the liquid and then extracting a sufficient proportion of the
liquid without allowing air to replace the extracted liquid, and passing at a selected



In a further preferred nmethod the chanmber can be partially filled to a
required level and the residual air can be renoved to a sufficient extent
by a conventional vacuum punp capabl e of achieving residual pressures of

|l ess than 13 mlibars. Followi ng these steps, the mould is then ready to be
used where there is a heat exchanger in an upper part of the in1gqﬂgqm2
chanber to provide heat exchange 10 where a further liquid is punpe

t hrough the heat exchanger at a preferred nould operating tenperature but
in preference not a | ow enough tenpera%ure to cause freezing of the liquid.

It i t ' ; ' ' | but it
s 15 under staosig [ehSerah 8 fick bl contbhdndhedhsTBToRBLS Ky Ber/ Edig, 1,
provi de a god®neepsation afyapedicof the dawid dnutie sPiaceunst ance, the degree of heat

to be shifted, the extent of the hot surfaces to be cool ed, and the general
tenperature that has to be worked on, 20 need to,be c%r)}sidered to take into

account the dU&sgither gapdengalion; YZReur sray b effecteady previdingahegt: o be
used, t_hte gdeg&rﬁﬁaﬁ@e ehhey ar@&m}%péh@ém mbmbllgi Withﬁ\fth@\ﬁﬁaceébtdv% i Ikiglensi ng
means within vapour. space.. In e ime so far conducted, such an

ar r angenent dé%%iocli@g%gm%ewrge? P&éﬁﬁﬁ@eﬁkiﬁ%ﬂ%@wﬁeﬁl bihahake above

tr anﬂ er. ?/\hi the liqeidl sudacewhizh ibakmlessectempesatatedvdidn any metplsm&arthEreagillb

t u r .

eal ed condui T "R aBly e BRERrERL AL RBRLAL TR 1GDR B, Y
enough to endbispher condenses baok isto kawid aod wilhtiow beck inte thet basly of e biquvid i on of
t he i nvenfgl onyitHih thebibdeddhaigissr’ | bed with reference to a further enbodi nent

whi ch shall be described wth reference to an acconpanyi ng draw ng wherein:
35 FIG 1 is a schemati-e cross sectional view of a thernoform ng apparatus

i n accor danceThi pdrtien bf thet cheimisstitoeedeivehéat vﬂll,i?/ reasow8fa sEiséd ©Rfderatufy of

the male side qf a plastic i.njectian,.die: Fl .S a,Cross section Vi ew
long ¢ he- | 1 g PoyRefBlentadiBba bl 1€ ady of tnarof Rt Bkt Eaead st
FIG 4 is an axglahdade péstapeot the diquiddémthid atdadopapeur whichjbyaeason afitee t he
mal e si dg cof ' | | \ ’ ol d
bor Spect g VRS HedtaRaGN ot o bl il RS vhry Slibbtafiial Saftfbr S Redt 8
embodi ment aseasRWeS fielative densitiesitienathearmgopr thusdomaediwilgiseito thessusiagetofie
t her mof or Rgtﬁggg%?%ﬁgf‘%ﬁ? [l he et elf%b'zab‘g‘?? g*@e‘”ﬁ AnERAMnEng caeraton 1
a shapi ng ca/fP¢Ng egrled Ry & reyerse exghangg 8PSty conventional treat nent
i ncluding having air at pressure drive the forned sheet 4 into cl ose
conform S e, of [ty 3. . Th Vi i I 1 ow
body 5 witch 15 pols &P bl osturm VY Mabesbs MeRMELRRIRE bV W o
condensi ng capreasures tie valune of vapouc pratiicedigyvery high compared with the volume

of liquid being vapourised. This raises the effective level of the liquid relative to a

rest state, enabling it to affect areas of the mould that are above its rest level.
25 What we have then is a closed chamber with its selected liquid operating so that it
is at a temperature and pressure governed by its own vapour pressure and by

extemnal inputs of heat.

A number of variations can be incorporated within the general concept.

30
In a first method, the intemal chamber is filled entirely with the liquid to be used. In
preference, such liquid is previously treated so as to remove dissolved gases and
other impurities so that in preference, the liquid is a liquid without impurities which
may otherwise interfere with the process or the efficiency in general of the process.
35

Once full and sealed, the chamber is then accessed through a gate valve so that
some of the liquid is then extracted with a pump to a level that is chosen such that
the level will be below a condensation member or means within the upper part of



15 ‘container 8 is a heat exchange coil 9 which is supplied with appropriate
cooling refrigerant. Conduit 7 passes beneath plastic sheet hol di ng neans
13 and therefore could cause a liquid bl ockage to passage of vapour through
tothe condensing container 20 8. This effect can be renoved by introducing
addi ti onal heat through heating coil 11 which will effect a vapﬁrﬁﬁ@QmBn of
the liquid at this location. 25 Initial startup of this apparat é

achieved by filling the chanber whicmé ncl udes the holl ow body 5, the
conduits 6 and 7 and the container 8 th water. Through the valve 12 water

is then extraggt n‘rﬂgri i L : 15.
This then | egr{\;eecg%an u'pépnedrﬁ%b@%e;\{vé" slbg\cgﬁﬁ%gn(ﬁ%’f ‘?Wl' \%\hI% t?@én&@}éﬂp ?%Eoed
inplicitly bpravidstheneal|tppeodisgipatesl. vapour of the liquid. 30 From here on
the arrangenment will remain as a closed systemso that heat fromthe wall
of the cavity 3, will be converted into | atent heat of yaporisation with the
vapour reachimgfuiher errieead mﬁjheimnabqr&aﬁ@ermﬁl&é@eg & RirgHied laveli ¢

gi ves up § heahatreifeshiratl aipban dpaehdetd thatsofficleat bgieht @)@b@ﬁ%ti@ﬁa“va&uu@?es
ically in .

f i h h h i h j.
y;)w?)r gngr r5I Pﬁg%ﬁﬁﬁ%%‘eaé %ﬁhﬁ ¥ Fﬁtsg{ﬂ%i‘ B#Sgpges;ﬁégﬁsgﬁgazggﬁmgar&escri ption,

reference will be 14 NOV 2002 mde to these parts and then later to

the femal e sj di ral L i C i,ngly,
the mal e forﬁg%ﬁf\gtﬂg%eaégﬁg%stp%ﬁul ?%@8?‘0#&&9\3{538%8%?%@@% ecﬂ.'eééﬁres %ﬁﬁg%tcat ed
at position sxdanger itariepper parboidor intemahchamberjetprevideineat exaraogel at e 20
forms a 0s Afia SinkAN J

. sel ect edi:%uaﬁltﬁie@;égqm{ v?/ét%élr"esl?lé\lf\ﬁp ggr@r%ggﬁ?j %ﬁeét%x@hﬁgeé/ﬁﬂé%mr%hgﬁd Lfl%ck 18
may be for ne@P&ElAg smpeatyedis in prgfergacearta loypeneieah tesparaivsg facgusel the
encl osed andfrebfifgdf hedigaikl t hereby | eaving a space 23 above an upper )
| evel of the water 24.- There is a heat exchanging cooling device at 25 -
which is arranged by r-eason of tube 26 which has a plurality of fins 27 to
ef fect a cooltiimgxmHctedhatthis/stage thatshe tiquid weuldhamuallythenwaleebebise 23. The

t enperat yr e i | r I | : i

e A arat R e R R R R
removabl e cof#eGl9 to an end 30 where the water then is caused to pass
through a spirally shaped gap 20 31 so that it will pass fully the Iength

of the hollow core 29 to then exit through passage 2, An advant age of

t hi s arrangefi@h®ag 'nfjW!ﬁuai RIECUTRStRAGR. diop gg@@%@?‘ﬁgi %S%Bﬁ%t eg@”&%&'ﬁef rom

t } me'ztft5 ° ti mehot élﬁfta@gé@o b@r@og%deagd ke g%ﬁﬁ_l}&ﬁl@mﬁdrft@tﬁ that has td g workedsdrgt us

of - ey ed spage ui u Sj debris ar

ot herai <20 cahore R fEroRREE A o3k AR it i altia (SRR 43 riRisipedithe,

ef fect a cl osbhambef, thg fuiditodelgsarh thesdegrest dforappur spape abave theriguiddewel,

further cl Osah{j?r}foéé%e%rsirféﬁmegﬁsWﬂhﬁrtHSR/aBBU ge the die, water is first
olle eas ' (

vigorously b or at one mnute so as to reduce possible
di ssolved gas fromthe water.

In experiments so far conducted, such an arrangement provides very effective and

25  relatively uniform heat transfer. While reference has been made to a chamber, this
does not of itself exclude the case where there can be separate chambers
connected by sealed conduits.

A chamber then is to be considered as a concept broad enough to encompass
30 any closed environment.

For a further explanation of the invention this will be described with reference to a
further embodiment which shall be described with reference to an accompanying
drawing wherein:
35 FIG. 1 is a schematic cross sectional view of a thermoforming apparatus in
accordance with a first embodiment;
FIG. 2 is a cross sectional view of the male side of a plastic injection die;
FIG. 3 is a cross sectional view along the lines 3-3 in FIG. 2 of the second



The water is then poured into the chanber 21 through aperture 36 so that it
will fully 35 fill the chanber. The gate valve 34 includes a pair of
'seal i ng menbers 45 thereon which act so that when open, water can, be
extracted fromthe chanber through evacuation port 44 while maintaining the
cl osure of aperture 35 and when closed, to prevent air fromfl 'Bﬁ h@zo
the chamber through the evacuation port 44. 14 NOV2002(¢g &

of water renoved is such as to prOVId% a sufficient space above the

sel ected water level to allow for the cooling device to operate within the
envi ronnent gepekRhés; only of the water vapour and not the liquid water. 5
Wth the then degassed wat er partlaIIy filling the closed chanper 21, it

will be seen thatlhet RAEexplpded E%R?@P@tlv@rw%\é(r?fﬁ?ﬁ:@'@§t'fdl§\199’ﬁ'ﬁn(%%rta? mse

t hose parts gHeloh@hibhds 8RowRMWIGS P ah@gt ance, in FIG 1 or FIG 2 which
are imediately agkgc,nﬁnt tho e .areas ntact .wth heated

pl astics materi al 1SrRH R fj%‘Pu pﬁ@?@c?\ée Y'SWb%fqﬁ@ 52‘?3%‘?‘88 thesportiog ffi ng
t he pressitrethdsdmondtehmddnmeadasbmmmn PIGS thandaf amd adj acent to the

hotter parts of t | t, t enper at ur es sonewhat

| ower tE\an 100 deg gcﬁ‘é%’#’&f@l?ﬁ@%ﬂ”%sea%Oaf'é‘énr egﬁei t) and because of
the high val ue 15 of the | at ent heat of evaporation of water such effect
festl L | 1 vRBlrsid i SeRal oaRct 1 Rendn'a hERANANAdEBRIE el e
t he int er nal Plodrd @rasigadie puse pé%ﬁttcrséteetﬂatsb@shweg Cﬂw%dTWhQﬁtéésl nto the
upper nosto spa@sect@o %lﬁ\féd’élohaﬁrééttﬂéﬁﬂinélbétﬁ'@fhrav%é au’fét'p?eééﬁu?é‘ did theltdhéer

Cherefore Ee“t?eﬁééﬁg%eﬂé’%@émmga%aaae o e B8 heat. exchanger. syst e
V\hhialngedi tfzgr ent net hod{sJ of preparing the status of liquid within the clNgsed
Such an arr apUBgany S 1 SdRuReR s FhAIaBoRr SRR aRR & bBafe SFaTheL, -
funnel with b:getmmwnthmoeddmstaodf?andctmdent;leg contafrier Bi \A@th e copdensingaci ty
great er Ii‘a“%%ﬁtiné%%h@ét %h%hgé%o?gv&tﬁéﬁ%%ﬁ bR p;SHF %%c%ﬁh sed

chanber reci procating vacuum punp a sing e capacity
equal to t helefigeBAt of water to be renoved is attached to an evacuation
port. Once the water has filled the chanber, the vacuum punp can be used so

as to withdr then r tur f tlrres SO r

M thin the sGonanf 3o385ed Braty Disttd sfoe Chouingated, £F adQridteRfe FUEL a1 o
any signifi ceamses hqlbdbtdokagevtn péssage df aspourdierough dpiredconidehsingicohiamer 1
4 Nov 2 94The chanber is then again topped up with water on the basis
that son® air has been dislodged and driven to the surface of the water and
the inlet or filling port is then cl osed.

This effect can be removed by introducing additional heat through heating coil 11
which will effect a vaporisation of the liquid at this location.

25 |Initial startup of this apparatus is achieved by filling the chamber which includes the
hollow body 5, the conduits 6 and 7 and the container 8 with water. Through the
valve 12 water is then extracted until its level is lowered to a level as shown at 15.
This then leaves an upper evacuated space 16 which will then be filled implicitly by
substantially only the vapour of the liquid.

30
From here on the arrangement will remain as a closed system so that heat from the
wall of the cavity 3 will be converted into latent heat of vaporisation with the vapour
reaching the condensing chamber 8 to be retumed to liquid. as it gives up the latent
heat of vaporisation to the heat exchange coil 9.

35
Now referring to FIGS. 2 through to 5, there is shown specifically in FIGS. 2, 3 and
5 the male side of an injection die and for ease of description, reference will be



T he vacuum punp can again be caused to withdraw and return a nunber of
times so as to cause water in the systemto surge back and forth. Wth each
wi t hdrawal , the pressure inside the chanber will be considerably reduced
and any renai ning trapped bubbles of gas will expand and nost will rise to
the surface of the water. 10 The vacuum punp stroke is then returned and
the chamber is again topped up with water and the inlet port i#$4cHsiE.

Wth a full stroke of the vacuum punp the required anount of water will be
extracted and the gate valve 34 is theh screwed in to close the evacuation

port 44 15 addiotnBLOBERS ok Ind: oY P8 e 18R AiNRs b

the water to %raw ince air Is exclud
subst ant i al | FhoynaniFG. 4-s needed to nove the liquid into the vacuum punp.
20 This describes, as has been previously stated) one side of an injection

die where the further portion of the |n tion dieis s i n.expl oded
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means at 42 wguahtity distdtenshavrogamdrally at 22.44aleToen fli7ldnidjogk 98 ethyrle of this

side of the with the first nale portion 30 of the die.
One of the agd\)/an%d;aéégglwﬁlgégrrangerrent described is that the tenperature

of the die is automatically evened out because boiling will occur
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This | eags t%x?stﬂéathlhttHS'éRgéé aggenent i ncluding the location of a

thernostat so as respo 0 the tenperature of the liquid in the closed
chanber. 10 Accordlngly, this can be connected through a servo controller

so as to int qufettaﬁnp%'r&we%f tR8®h3aBY ié %ﬂe&’b?%ﬂ% ngrohﬂ@w of ¥6bIMORAter
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is the arrangassagewgyS2own in FIGS. 2, 3 20 and 5 with a face area of 250

nm and of course the disclosed protrudi ng core, 70 mMmin diameter and 55 mMm
| ong. The encl osed chanber then had a wall thickness at the die portion of

12 nm The dé¥tadvaaiagreiibis arangemantisthahthaieligheprer2digheld npleg 3339 been
degassed -- 25haﬂﬁd>nﬁ hﬁié tbamw théichrerdandie é@éﬂ?\f@ﬂd{@d Withuet affdclingHetstatugRpur-

:/vgs at Zg? ég Wzﬁe gpgg‘léed space 2§fafn%0énlyvbeur}|e ff depos:ts Ot?ebrlnsgoraoq(f\er%séj & be bed
then effectively cleaned.

A gate valve 34 is adapted to effect a closure of aperture 35 and evacuation port
44 and there is a further closable plug at 36.

30
In order to charge the die, water is first vigorously boiled for at least one minute so
as to reduce possible dissolved gas from the water.

The water is then poured into the chamber 21 through aperture 36 so that it will fully

35 fill the chamber. The gate valve 34 includes a pair of sealing members 45 thereon
which act so that when open, water can be extracted from the chamber through
evacuation port 44 while maintaining the closure of aperture 35 and when closed, to
prevent air from flowing into the chamber through the evacuation port 44.

\
§



30°'1. Cool ant water was supplied to the heat exchanger at a tenperature of
27 degrees Centigrade which was the anbient tenperature at the tinme of the
‘test. 2. Two gas blow torches were directed at the surface of the core and
kept continuously heating on the outer surface of the protruding die
surface. The tenperature of the coolant, of the core and of w@gﬁﬁw t he
encl osed chanber 35 were nonitored using digital pyroneters. he Tl ow
rate of cool ant through the heat exchaﬁger was adjusted to achieve a flow
rate of four litres per mnute. v Zooz n 4. The output of the bl ow
torches was adjusted until a tenperature rise of 2.7 degrees Centigrade in

the cool ant was achieved. This corresponded to a heat extraction rate of
750 watts. 5. NMEaMPERbRIraIeF Eerapvadie sYFl ande Proyidria sHtficient srRace akaveithe ons
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10 Direct 5cal cul ati on of an expected tenperature of the core based on its
eonetry and t C
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Centigrade) is a function I Cl enc anger IS
consi dered f rtoak Wik Bedmeortastuittt heatad ﬁlast*‘&mﬁt%laisr?d’ld frava yérigh h%’r‘étsrt@tbé a very
out st andijng eHketdave result which will be of very significant value in
many applications where-noulds are to be cool ed and where achieving a
uniformty of 20 the cooling effect is of value. Further, because the

cl osed chanbeBy keelepingtthe preasarevaitiin thd tlosgd charabér21, th@Water@qucenemmlt i's
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By reason of the orientation of the die, and by reason of shaping of the intemal
parts of the die so that vapour when formed can rise into the uppermost space

20  within the closed chamber 21, this then will further concentrate water vapour in the
space which in tum will be cooled and therefore be condensed by heat exchange
from the heat exchanger system.

While different methods of preparing the status of liquid within the closed chamber —
25 21canbe uséd, and there has been described in a general way, such an

arrangement, in a further method, there is firstly provided a funnel with a spout

threaded to fit the inlet or filling port to a capacity greater than the volume of water to

be removed from the filled enclosed chamber 21.

30 A reciprocating vacuum pump with a single stroke capacity equal to the volume of
water to be removed is attached to an evacuation port.

Once the water has filled the chamber, the vacuum pump can be used so as to
withdraw and then retum a number of times so as to cause water within the system

35 to surge back and forth so as to assist in removal of any significant air bubbles
which may have been trapped while filling.



1. Anould of a type requiring heat to be taken fromthe nmould fromtine to
time, characterised in that the nould includes at |east one closed chanber
having S liquid therein which extends to cover at | east one of the areas
fromwhich heat is to be taken) and a space above the liquid and within the
cl osed chanber, wherein pressure is set at a | evel which will enable the
liquid to boil at a selected tenperature, and condensi ng neand & B0\ellikct ,
by cooling, condensation of the vapour, or vapours of the liquid in the
space. 10 2. Anould as in claim?7 furt her characterised in That the
chanmber is s L S h 1 QUi ' W e
effective ac?gggﬂ?ﬁggra%ﬁﬁ%'? b@ﬁﬁqgﬁg%ingyltbr@t%%wg‘%fé%ﬁ m%?g%hgé{}%:és to be
taken, 15 3. bpendisiasioad and drivende thsf swiaserss the water andrtbe infetaridiling pertised i n
that the |igweh digsepater only. 4. A nould as in either of clains 1 or 2
further characterised in that the nmould is a nmould for noul ding of plastics
materials. 20 5. A nould as in either of clains 1 or 2 further
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having therein a liquid with a volune such that it has an upper |evel above

t | t f tiall
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only the vapouL or va 5 0 ¢ In a space wthi

above the upBdp waterandihednlet poris @os8sd condensi ng means to effect, by

cool ing, condensation of the vapour or 35 vapours of the liquid. 9. A nould
for injection,pouldi ng, of .nlastic materials having an.intetrnal.. cooling -
anangenent W‘ngﬁa }@ SH%-E%’&@‘%WPB@Pﬁﬁ%rW"Pﬂ Qpkior wa equd&ﬁgd with an
upper 1 4 HxiBadle@ana tHsgatens(ve 84 is therstrawet indo clasadhe svasuatiocaaoriof4.t he
mould wi thin the chanber adjacent to parts of the nmould to be cooled are
accessed by the liquid when the nould is in use and, in the space in the
chanber abov# thigepriocess, d is pueddechthad thegalavialveri# aligysihesratente gravitate and
condensi ng rr@a_&gy ikic tRbbUrip SiReEaR is exdilded suBtastidIig! glality & nétdeday ntdveg of
plastics materi al s having an 1 nternal cooling arrangenent” which is a cl osed
chanber par t 28 §Qiq Nt e YACUHMPYMRUI d witty an upper |evel of sufficient
hei ght so that at (east sone areas of the nould within the chanber adjacent
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A moul d as i Bygmgt ge¢38f preceding claims further characterised in that the
vapour i%vvater vapour. 20 13. A nould as in any one of the preceding

clainms 94Y2 further characterised in that there 1s at | east a heating neans
| ocat ed wi t hiArbddkeplgteatieds vedlbd engagerhentuiith theadie Uhandtherengreshevartiay

time, the te rature of t di.e o ul can e within a sel ected
range of t en%g; ngedueans ap 22 wﬂ% a ﬁolfcrngv re(?nov%blebgonjé 4{3}
The filling procedure of this side of the die is the same as with the first male portion

30 of the die.

One of the advantages of the arrangement described is that the temperature of the
die is automatically evened out because boiling will occur preferentially at the higher
temperature locations thereby reducing its temperature to that of its surrounding

35 areas.



25 14. A nould as in any one of the preceding clains 9-7 2 further
characterised in that the cooling neans include a tube, a core in the tube
and neans to dirt cooling water through the tube. 7 5. A nethod of cooling
of working parts of a nould where the nmould has at 30 | east one cl osed
chamber having liquid therein which extends to cover at |east onk4dfyiige
areas fromwhich heat is to be taken, and a space alive the liquid and

wi thin the closed chamber in which prﬁ§sure within the space is caused to
be set at a level which will enable the liquid to boil at a sel ected

tenperature, CRAkeq @&h@cmﬁ tﬁl@"éth@tre% ‘!ﬁ@reb@hﬁﬂe@erﬂd @\)’éﬂl@%?ﬁ{btwﬂﬁe the
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dosed charrbeke@ptdmp@gtdregw\,dn@dnbh@-wg@xfebgggarylg air so that there is
substantially only the vapour or vapours of the liquid within the chanber

above the upper level of the liquid, and passing at a sel ected cooling
t enper at u§ e, The-mduld tempe2A0r2, fot ihstance] cah belgintrotettiesyieveniyemasiteatiedly ect
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liquid and within ose er | pressure w'thin the space is
caused to be set at a Ievel which will enable the liquid to boil at a
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A met hodj ?s in any one of the preceding clains further characterised in
that the idis water.
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The effectiveness of the cooling action described was tested as follows:

30 1. Coolant water was supplied to the heat exchanger at a temperature of 27
degrees Centigrade which was the ambient temperature at the time of the test.
2. Two gas blow torches were directed at the surface of the core and kept

continuously heating on the outer surface of the protruding die surface.

The temperature of the coolant, of the core and of water in the enclosed chamber
35 were monitored using digital pyrometers.

3. The flow rate of coolant through the heat exchanger was adjusted o achieve

a flow rate of four litres per minute.
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extraction rate of 750 watts.
5. The temperature of the die was found under these conditions to reach and
5 be sustained at 48 degrees Centigrade which is to say 21 degrees Centigrade
above the coolant temperature.
6. The temperature of water in the enclosed chamber was stabilised and was
35 degrees Centigrade.

10  Direct calculation of an expected temperature of the core, based on its geometry
and the test conditions, were also made. The calculated temperature differential
through the walls of the core is 12 degrees Centigrade and this was found to
correspond very well with the experimental result. The remainder of the -
temperature differential (8 degrees Centigrade) is a function of the efficiency of the

15 heat exchanger.

It is considered from the above experimental results that these illustrate a very

outstanding effective result which will be of very significant value in many

applications where moulds are to be cooled and where achieving a uniformity of
20 the cooling effect is of value.

Further, because the closed chamber keeps the same water through the full cooling
process, it is not expected that there will be mineral deposit or any significant
corrosion (as a result of the absence of air). -

i

25 _
While in preference only water is used, other liquids or mixtures of liquids can be
used and, in such a case, it is substantially only the vapours of the liquids that will
exist only in the space above the level of the liquid in the closed chamber.
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2. A mouid as in claim 1 further characterised in that the chamber is shaped and
positicned so that the liquid thersin will have effective access to each of the areas of ~
the mould from which heat is to be taken,

15 3. A mould as in either of claims 1 or 2 further characterised in that the liquid is
water only.

4. A mould as in either of claims 1 or 2 further characterised in that the mould is
a mould for moulding of plastics matsrials.
20

5. A mould as in either of claims 1 or 2 further characterised in that the mould is
a die for the mould casting of metals.

6.  Amould as in either of claims 1 or 2 further characterised in that the mould is -
25  amould for injection moulding of plastics materials.

7. A mould as in either of claims 1 or 2 further characterised in that the mould is
a mould for moulding by thermoforming of plastics materials.

30 8. A mould having an internal cocling arrangement which Is a closed chamber
having therein a liquid with a volume such that it has an upper level above at least
some of the areas of the mould to be cooled and has substantially only the vapour
or vapours of the liquid in a space within the chamber above the upper level of the
liquid and condensing means to effect, by coocling, condensation of the vapour or

35  vapours of the liquid.

9. A mould for injection moulding of piastics materials having an intemal cooling
arrangement which is a closed chamber partially filled with a fiquid with an upper
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109&' ()-f! OYyar%dW}ei&d \élbnd‘a 1y SILUEKEMbRr-patiaNy filled QXA liquidWith an upper
level of sufficient height so that at least some areas of the mould within the chamber
adjacent parts of the mould to be cooled are accessed by the liquid when the
10 mould is in use and, in a space in the chamber above the liquid, substantially only
the vapour of the liquid, and an arrangement to provide cooling of any vapour
within the space in the chamber above the liquid level to effect at least some 2
condensation of the vapour thereby.

15 11, Amould as in any one of the preceding claims where the liquid is water.

12. A mould as in any one of preceding claims further characterised in that the
vapour is water vapour.

20 13. A mould as in any one of the preceding claims 8-12 further characterised in
that there Is at least a heating means located within the chamber within the liquid
such that during a standby time, the temnperature of the die ar mould can be kept
within a selected range of temperatures.

i

25 14. A mould as in any cne of the preceding claims 9-12 further characterised in
that the cooling means include a tube, a core in the tube and means to direct cooling
water through the tube.

15. A method of cooling of working parts of a mould where the mould has at

30 least one closed chamber having liquid therein which extends to cover at least one
of the areas from which heat is to be taken, and a space above the liquid and within
the closed chamber in which prassure within the space is caused to be sat at a
level which will enable the liquid to boil at a selected temperature, said selected
temperature being at a level such that the temperature Is below a temperature of

35 the area from which heat is ta be taken this being by reason of, as a first step,
partially filling of the closed chamber with the liquid and then extracting air so that
there is substantially only the vapour or vapours of the liquid within the chamber
above the upper lavsl of the liquid, and passing at a salected cooling temperature,
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of the areas from which heat is to be taken, and a space above the liquid and within
the closed chamber in which pressure within the space is caused to be set ata
level which will enable the liquid to boil at a selected temperature, said selected
termperature being at a level such that the temperature is below a temperature of

10  the area from which heat is to be taken this being by reason of, as a first step, filling
of the closed chamber with the liquid and then extracting a selected proportion of
the liquid without allowing air to replace the extracted liquid, and passing at a 2
selected codling temperature, liquid through condensing means to effect, by such
cooling, condensation of vapour of the liquid in the space.

15
17. A method as in any one of the preceding claims further characterised in that
the liquid is water.



